The reaction e cross section is consistent with the universal Regge behaviour of total hadronic cross sections.
Introduction
At high energies the two-photon process e + e ? ! e + e ? ! e + e ? hadrons is a copious source of hadron production. In this reaction most of the initial energy is taken by the scattered electrons and positrons. As their scattering angle is close to the beam they often go undetected. The variable Q 2 is de ned by the four-momentum transfer squared from the beam to one of the scattered electrons : Q 2 = -q 2 . If one of the scattered electrons is measured in forward detectors the event is said to be tagged. The hadron system has predominantly a low mass value. A large part of the hadrons escape detection, due to the large di ractive cross section and to the Lorentz boost of the system. For these events, the measured e ective mass W vis is smaller than the centre of mass energy of the two interacting photons W . For high values of p s the W vis spectrum of two-photon processes is well separated from that of the e + e ? annihilation processes.
A photon can interact as a point-like particle (direct component Fig.1a ). Often a quantum uctuation transforms the photon into a vector meson ; !; ; ::: (VMD component Fig.1b) , opening up all the possibilities of hadronic interactions (Regge poles, Pomeron exchange, etc.). In hard scattering the structure of the photon can be resolved into quarks and gluons. Some examples are given in Fig.1c Both groups have provided a Monte Carlo generator which can be compared with the data. In PYTHIA 3] where both incoming photons are assumed to be on the mass shell, we have complemented the code by generating the photon ux in the Equivalent Photon Approxima- In this paper we analyse only data where the scattered electrons are not detected (antitagged events). Thus the interacting photons are quasi-real : < Q A detailed description of each subsystem of the L3 detector and its performance is given in 9] and 10]. The analysis described in this paper is mainly based on the central tracking system, the high resolution electro-magnetic calorimeter and the hadron calorimeter. Particles scattered at small angles are measured by the luminosity monitors on each side of the detector, covering a polar angle range between 25 and 69 mrad.
The events used in this analysis are collected predominantly by a track trigger 11] which requires at least two charged particles with p t > 150 MeV, back to back, in the plane transverse to the beam, within 41 .
Hadronic two-photon events are selected by the following criteria :
At least three tracks are required to eliminate the dominant e + e ? ! e + e ? leptons channels. A track is de ned by a transverse momentum p t > 100 MeV, at least 12 wire hits and a distance of closest approach to the nominal vertex smaller than 10 mm in the transverse plane. With the additional condition that the total energy deposited in the electromagnetic calorimeter exceeds 500 MeV, the beam-gas and beam-wall backgrounds are suppressed. The energy in the electro-magnetic calorimeter is required to be smaller than 30 GeV and the energy deposited in the hadron calorimeter smaller than 20 GeV, to exclude annihilation events. An anti-tag condition is imposed which excludes events with energy greater than 30 GeV in the luminosity monitor, in a ducial polar angle region of 27-64 mrad at 133 GeV and 33-64 mrad at 161 GeV. The ducial region is smaller at 161 GeV because the inner part of the luminosity detector is shadowed by the shielding inserted into the beam pipe to absorb synchrotron radiation.
The cuts are illustrated in Fig. 2 . After selection the background from beam-gas and beam-wall interactions is found to be negligible.
The visible e ective mass of the event is calculated from the four-momentum vectors of the measured particles. All particles are assumed to be pions, except for electro-magnetic clusters identi ed as photons. A cluster in the electro-magnetic calorimeter, with no nearby track in a 200 mrad cone, is recognised as a photon if its energy in the hadron calorimeter is smaller than 20% of the electro-magnetic energy. Clusters in the hadron calorimeter, without any track in a 300 mrad cone and with an energy greater than 20% of the electro-magnetic energy are considered as pions, since they are mainly outside the track chamber detection region. Clusters in the luminosity monitor are also included in the calculation of the visible e ective mass W The background, due mainly to annihilation processes and two-photon production, is subtracted from the data. It varies from less than a per cent at a mass of 5 GeV to a few per cent at high masses as can be seen in Fig.3 where the W vis spectrum is shown for both energies.
High statistics samples of PHOJET DIAG36 6] . The events were simulated in the L3 detector using GEANT 12] and GEISHA 13] programs and passed through the same reconstruction program as the data. The trigger ine ciency was taken into account during the simulation. It was studied with two-photon and Bhabha events by 1) PHOJET version1.05c 2) PYTHIA version 5.718 and JETSET version 7.408 comparing the response of the track trigger to the response of the calorimetric energy triggers. It was found that (93 1)% of the events with W vis 5 GeV are accepted by the trigger. The number of expected events are given in table 1. The absolute normalisation of PHOJET gives about 10% higher values than PYTHIA. The Monte Carlo predictions for electro-magnetic and hadron calorimeter total energy agree well with the data as shown in Fig.2 . A variation of the cuts inside 10 GeV shows that the ratio of accepted events in the data and in the Monte Carlo remains stable within 1%. The energy distribution in the luminosity monitor (Fig.2c) shows a good agreement for the low energy values, i.e. for the hadronic component inside the detector. When the scattered electron or positron reaches the detector, the agreement is maintained with the PHOJET Monte Carlo, while these con gurations are missing in PYTHIA because of the cuto Q 2 m 2 in the event generation. The visible mass spectra are rather well reproduced by the generators at both centre of mass energies (Fig.3) . In Fig.4 the longitudinal and transverse momentum of the hadronic system, normalised to its energy, are shown. The longitudinal momentum distribution is not in good agreement with both Monte Carlo simulations whereas the mean value of the energy as a function of the polar angle ( The transverse momentum distribution of the tracks is compared in Fig.6 for four di erent mass intervals; the agreement is satisfactory. The charged track multiplicity however is not well modelled as can be seen in table 1. Since the cut on the number of tracks a ects the measurement of the cross sections, the full analysis is repeated for a lower cut of 3, 4 and 5 tracks. The variation of the cross sections, thus obtained, is included in the systematic errors.
In conclusion some features of the distributions are not well reproduced by the two generators. The disagreement between data and Monte Carlo does not exceed 30% and it is of the same order as the disagreement between the two generators. The di erences between the two Monte Carlo simulations are used to estimate the systematic errors.
3 Measurement of cross sections
Unfolding and e ciency
From the observed distribution of the visible e ective mass, W vis , the true hadron mass W distribution must be extracted. The number of observed events are then corrected for the e ciency and acceptance of the detector. The two steps are illustrated in Fig.7a by using PHOJET Monte Carlo events.
The measured W vis spectrum is weakly correlated to the total centre of mass energy of the system because a large part of the produced particles go undetected in the forward and backward regions. In order to obtain the W distribution, subdivided in ten i-intervals, from the W vis spectrum, subdivided in twenty j-intervals, the following unfolding relation is used:
The matrix A ij is constructed by considering for each Monte Carlo event the measured W vis and its generated W value as follows:
where P(W vis jW ) is the likelihood of observing the measured W vis given a generated W value and P(W ) is the initially generated W distribution after acceptance and e ciency cuts (dashed line in Fig.7a ). After unfolding, the events are corrected for detector acceptance and e ciency using the ratio between selected and generated events in each W interval (Fig.7b) . This includes geometrical e ects as well as ine ciencies of the detector, of the trigger and of the analysis. The low acceptance below W = 20 GeV is due to the W vis cuto of 5 GeV. For W > 20 GeV, the acceptance is rather constant.
This Fig.8a . The fast decrease of the cross section as a function of W is due to the two photon luminosity function, L , which depends on W 2 =s. Unfolding introduces a strong correlation in the measurement, the correlation matrix is given in table 3. The square-root of the diagonal elements of the error matrix are given in table 2 as statistical errors. The uncertainties due to the data statistics dominate over the uncertainties of the unfolding matrix due to Monte Carlo statistics.
In order to evaluate the systematic errors related to the model, the full analysis is repeated with PYTHIA. Both analyses are also repeated for a minimum number of four and ve tracks. In evaluating the systematic errors the e ects which produce a mass dependent error are separated from those giving only a normalisation shift. The main sources of systematic errors are:
1. di erences between data and Monte Carlo in the representation of the hadronic showers in the hadron calorimeter and in the small angle luminosity monitor. For the energy deposited in the hadron calorimeter no signi cant discrepancy (Fig.5c ) is observed, while there is a 6 % di erence in the average value of the energy deposited at small angles (Fig.2c) . Such a shift can produce a mass dependent variation = ' 0.002 W vis (GeV) in the cross section. 2. the use of PYTHIA instead of PHOJET in the analysis gives a bin-to-bin di erence which is very small in the central mass region. It has a maximum of 7 % at W < 10 GeV and is 4 % at W > 50 GeV. 3. the di erences due to the minimum number of tracks required in the analysis produce mainly normalisation shifts. The maximum bin-to-bin e ect is 3% observed for W below 10 GeV.
The overall normalisation uncertainty, arising from point 2 and 3 and evaluated separately for each beam energy, is estimated to be 6% . Other uncertainties due to the analysis cuts are below the one per cent level and are neglected. The mass dependent contributions are added in quadrature in each W bin and are given as a systematic error in Fig.8b and given in table 2 together with the statistical and the bin-to-bin systematic errors. In the systematic errors the di erence between the two samples has been added in quadrature to the systematic errors discussed above. In Fig.9 our results for 5 W 75 GeV are shown together with the ones obtained in previous experiments 20] for W 10 GeV. All measurements are displayed with their total systematic errors. For our data the normalisation systematic error of 6 % plus the 5 % uncertainty on the photon form factor are added in quadrature to the bin-to-bin error, displayed in the Figs.8a and b.
Regge parametrisation
Total hadronic cross sections show a characteristic steep decrease in the region of low centre of mass energy followed by a slow rise at high energies. From Regge theory 7] this behaviour is understood as the consequence of the exchange of Regge trajectories, (t), in the t-channel.
The total cross section takes the form tot / s ( (0)?1) . The low energy region is sensitive to Reggeon exchange (R = , !, f, a ..), At high energies the Pomeron exchange dominates, P (0) ' 1. A.Donnachie and P.V. Landsho 8] showed that a parametrisation of the form tot = A s + B s ? (5) can account for the energy behaviour of all total cross sections, the powers of s being universal. This is con rmed by the recent compilation of the total cross section data 19] where a t of Eq.5 for all hadron total cross sections gives a result compatible with a universal value of = 0: (Fig.1b only) is not su cient to describe the data (line D in Fig.9 ). Adding the point-like splitting of the photon topairs, the cross section increases (line B in Fig.9 ). The maximum value, allowed by photo-production data, is indicated by the higher dashed line in Fig.9. 
Conclusions
In the two high energy runs of the LEP collider at p s=133 and p s=161 GeV, a total of 32000 events of anti-tagged two-photon interaction e + e ? ! e + e ? hadrons were observed in the L3 detector, with visible mass greater than 5 GeV.
The detailed features of the events: angular and momentum distributions, energy deposited in the calorimeters and visible mass are rather well reproduced by the model of the photon interactions contained in the recent generators PYTHIA and PHOJET.
The cross section ( e sample. The statistical errors, obtained after unfolding, and the bin-to-bin systematic errors are given. A global normalisation error of 6% must be added to all cross sections. A further normalisation error of 5%, due to the uncertainty on the photon form factor, must be added to ( ! hadrons).
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